It has been observed that during Caesarean section the arterial to end-tidal carbon dioxide tension difference, (a-E')PCOz was decreased and that arterial carbon dioxide tension (PaCO2) was closer to end-tidal carbon dioxide tension (PE'CO2) than in non-pregnant subjects, t.2 It has also been observed that, the (a-E')PCO2 values return to normal non-pregnant values by 8 days following delivery of the baby. 3 We were unable to find a study which had evaluated this relationship during general anaesthesia in early pregnancy. The study was planned to evaluate the (a-E')PCO2 difference during general anaesthesia in early pregnancy.
Methods
The study was approved by the hospital ethics committee and informed consent was obtained from all the patients. The study comprised 16 patients scheduled for termination of pregnancy by dilatation and evacuation of the uterus. All patients were nonsmokers and had no pre- All patients were unpremedicated, Anaesthesia was induced with thiopentone 5 rag. kg -t and tracheal intubation performed following succinylcholine 1.5 mg.kg -t. Anaesthesia was maintained with 50 per cent oxygen in nitrous oxide and one per cent halothane. Succinylcholine infusion (60 ttgm.kg -~ 'rain -~) was used to maintain muscle relaxation. The lungs were ventilated with a Seimens Elema Servo ventilator (Model 900 B). Patients received a minute volume of 80 ml' kg-~ 9 min-1 at a frequency of 12 breaths .rain -I (tidal volume 6.67 ml "kg-~).
Key words
The end-tidal carbon dioxide concentration was measured continuously at the proximal end of the tracheal tube using a Seimens Elema 930 CO2 analyser. The analyser was calibrated before each case using a known concentration of carbon dioxide. Arterial blood was sampled from the left radial artery 15 minutes after induction of anaesthesia. The sample was analysed immediately for PaCO2 in a Coming blood gas analyser (Model 165/2) after two-point calibration before each measurement, at 37 ~ C. The nasopharyngeal temperature was monitored by a calibrated thermometer in all patients and the blood gas results were corrected to body temperature using the nomograms of Kelman and Nunn. s The end-tidal carbon dioxide concentrations recorded at the time of arterial sampling, were corrected for the presence of 50 per cent nitrous oxide. 6 They were also corrected to the body temperature. 6 Surgery commenced after the arterial sampiing to avoid the haemodynamic disturbances due to surgical stimulation and blood loss,
The fraction (F) of end-tidal gas from unperfused alveoli (representing alveolar dead space) was calculated using the equation of Nunn and Hill: 7
A paired t test was used to evaluate the statistical difference between mean PaCO2 and mean PE'CO2 (the data was normally distributed). Linear regression analy-CAN J ANAESTH 1989 t 36:2 J ppl24-7 
Results
The mean weight -+ SEM of the subjects in the group studied was 59.41 kg ---3.10. Table I shows mean age, PaCO2, PE'CO2 and (a-E')PCOz values together with 5-95 per cent confidence limits. The mean duration of pregnancy was 12.44 weeks (11,69-13.19, 5-95 per cent confidence limits). The difference between the mean PaCO2 and PE'CO2 was not statistically significant, There was a positive correlation (r = 0.88, P < 0.001) between PaCO2 and PE'CO2 (Table II) . The fraction of tidal gas from unperfused alveoli was 0.02 -0,01. The mean tidal volume used was 379.80 ml -19.57.
Discussion
The mean arterial to end-tidal carbon dioxide tension difference during anaesthesia in the pregnant women studied, was 0.07 kPa (0.02-0.16).* This is lower than the values reported in non-pregnant anaesthetized (artifi- Our results show that (a-E')PCO2 is small and PE'CO2 approaches PaCO2 at the end of first trimester. This is probably due to the many physiological changes associated with pregnancy which are significant by 12 weeks of gestation. ~3-16 There is a 25-30 per cent increase in the cardiac output at 12 weeks of pregnancy over the non-pregnant levels.13'14 It has been shown that cardiac output rises to a plateau of about 1.5 L-min -1 above the mean post-partum level well before the end of the first trimester. ~s An increase in blood volume is seen as early as four to six weeks after conception and rises to 15-20 per cent over the non-pregnant level at 12 weeks of pregnancy.13'14'16 The plasma volume expands steadily from the first month of pregnancy. 16 Following an initial drop, the red cell volume also increases progressively during pregnancy. However, the plasma volume expands proportionately more than the red cell volume resulting in haemodilution.~6 The increased cardiac output, haemodilution and increased blood volume probably result in better perfusion of the alveoli and improved gaseous exchange. This would account for low (a-E')PCO2 values observed in our study. The fraction of the end-tidal gas from the unperfused spaces (representing alveolar dead space) was calculated as 0.02 ---0.01 in this study. This is similar to the 0.01 -+ 0.02 observed during Caesarean section and the 0.02 -0.01 observed during anaesthesia for post-delivery tubal ligation, t'3 However, this fraction was significantly less (Student's t test, P < 0.001) when compared to the 0.19 -+ 0.01 observed in non-pregnant patients under anaesthesia indicating improved alveolar perfusion in early pregnancy. 17
The (a-E')PCO2 values in 37 per cent of our patients were negative. Negative or zero (a-E')PCO2 values were observed in 12 per cent of non-pregnant patients under anaesthesia/IPPV with large tidal volumes and low frequencies) Increases in tidal volume and decrease in frequency result in the following. (i) Gas emptying from slow alveoli can reach the mouth, whereas it would have remained in the airways with small tidal volumes. (it) Relatively better ventilation of dependent well perfused alveoli. Under these circumstances the low Q/(~ compartments (alveoli with higher CO2 concentration) make a more substantial contribution to gas exchange. Normally, there are differences in the emptying patterns between various compartments in the lung. Therefore, more gas with an above average alveolar PCO2, can now reach the airway opening from "late" or "slow" compartments. This results in end-tidal C02 exceeding the mean arterial PCO2.18-2~ The increased cardiac output associated with pregnancy increases the number of alveoli with low v/Q ratio (alveoli with high CO2 concentraton). 17 This therefore increases the likelihood of the occurrence of negative (a-E')PCO2 values in the pregnant women. As pregnancy advances, reduced functional residual capacity and increased CO2 production result in further increase in the alveolar PCO2. This leads to an increase in the incidence of negative (a-E')PCO2 values (50 per cent) as were observed during Caesarean section anaesthesia.
